In this paper we propose a possible solution to a very complex issue that is related to optimal human resources' allocation in the frame of the emergency ambulance service. We consider an example taken from real life but we present it as a general case in order both to preserve privacy reasons and to generalize this methodology to a wider area of applications. The main issue of the paper is to develop a methodology in order to allocate human resources that are involved in an emergency service in an optimal way. In our framework we consider the case, that is very common in real life, in which a public or private company manages the emergency ambulance services in an area with a number of towns and hospitals. One of the main issues is to allocate human resources considering a certain number of criteria. In this paper we propose a possible solution to such a problem by means of a multicriteria method.
Introduction
In this paper we study the problem of optimal allocation of human resources in a very peculiar field: emergency ambulance service. This study moves from a very practical and realistic case which has been proposed to the authors by a public society in the southern Italy which manages the emergency ambulance service in a geographical area with a number of towns and hospitals serving thousands of citizens. For privacy reasons, in this paper, we will present only general data. Our methodology can be applied to a wide range of similar cases where the allocation of human resources happens in a wide area.
The problem of optimal human resources allocation is wide discussed and studied both from a theoretical and practical viewpoint (see [2] and [5] for a complete review on this subject). In [1] the authors analyse how important is to evaluate many criteria when human resource are allocated in a wide are in a very important and peculiar field such as healthcare (above all in a poor country). In [6] , the authors show how important are both effective communication and teamwork is order to deliver high quality patient care.
In our knowledge, the problem of human resources allocation in the emergency ambulance service, has been overlooked in literature. In this paper we propose a possible solution to the this problem in a very specific case that involves many issues which vary from geographical to human.
The case we have in mind is that of a public or private firm which has to allocate and manage a number of employees involved in the emergency ambulance service of a limited geographical area which counts a number of towns and hospitals. In this framework the main issue is to find a number of criteria in order to allocate optimally such resources to offer an efficient and effective public service. Such criteria should be shared by all the parts including unions. We propose a multicriteria approach (see [3] , [4] ) in order to compute an optimal ranking of employees to be assigned at different locations.
The paper is organized as follows: in section 2 we present the case study; in section 3 we propose the methodology in order to solve the problem; in section 4 we apply the methodology to a n empirical case, the section 5 closes the paper presenting conclusions and future developments.
The Case Study
Let consider the case in which a public company manages the emergency ambulance service of a wide geographical area including different towns and hospitals. This company must ensure the ambulance service 24h per day, 365 days per year. Let consider, for simplicity sake, the case in which this company manages three kind of employee: nurse; rescuer; driver. The working day is divided into three working shifts (8-14; 14-20 and 20-8). For each working shift a fixed number of nurses, rescuers and drivers must be ensured in order to activate the emergency ambulance service.
The geographical area consists of k (integer) locations (towns) and only a limited number of towns are served by hospitals. The number of employees is fixed and it is sufficient in order to ensure the service even in presence of absences or leaves.
The main problem which is faced by the company is how to allocate, in an optimal way, the employees to the different locations. In this paper we focus our attention on the problem of physical allocation and we do not consider other aspects such as: working shifts or leaves management. Such issues are already well managed also by means of specific software.
The problem we want to consider is to determine a methodology in order to compute a final ranking for each location, in order to distribute the employees in this wide territory considering a number of criteria shared by parts. Such an issue as been addressed to the authors by a specific company which operates in the southern Italy. At present, the company allocate human resource considering qualitative aspects related to "usual" procedures driven from the past. The problem arises when some workers asks to be allocated elsewhere, in this case the lack of quantitative criteria and above all the absence of a ranking between workers results in an impossibility to optimal reallocate resources.
The managers of the company ask for a quantitative and measurable methodology in order to give objective answers to the employees' requests.
We have proposed to find a number of objective criteria, share with all the parts, in order to compute, by means of a multicriteria method, a ranking of workers for each location. As a result the allocation of human resource will follow the obtained ranking satisfying objective criteria of correctness and efficiency.
The company managers, after a bargaining process with workers and unions, have indicated a number of criteria, related to residence, seniority, family status and also meritocratic aspects.
Taking into account such criteria it is possible, as shown in the section 3, we propose to apply a methodology of ranking which considers all the parameters of the model.
The Methodology
Let consider a company with a fixed number of employees indicated by: Li with i=1,...,n. Without loss of generality we can consider the case in which the employees are of different types. We consider also that this company guarantees a public service 24h a day for 365 day per year. The service is provided by means of three working shifts of 8 hours each. The company is located in a wide geographical area consisting of a fixed number of towns: Ti with i=1,...,m. The main problem for the firm is to find an optimal allocation for all the n employees according to some criteria that are determined in advance. We denote by Ci with i=1,...,k each criterion. For sake of simplicity let consider for instance the following criteria: domicile, seniority, number of sons, distinguished service and so on. We can consider the case in which, for each criterion Ci it is considered a different weight Wi with i=1,...,k. The sum of all weights must be equal to one.
In order to allocate the employees we propose an ordering procedure based on a multicriteria approach that takes into due account both criteria and weights. In order to avoid the typical problems that arise when data in different range of variations are used (see [3] and [4] ) we apply a normalizing procedure to the data associated to each criterion. For simplicity sake, let us consider the case in which the criterion is the domicile of the employee, that is (without loss of generality) C1.
In order to compute C1,j,l for the employee j=1,...,n and for the location l=1,...,m we consider: d(Dj,Tl) that is the distance (for instance the Euclidean distance) from the domicile (Dj) of the player j to the town l. The value for the criterion C1,j,l is:
Let us consider the criterion: seniority. Without loss of generality we indicate this criterion by C2. In order to compute C2,j for the employee j=1,...,n we have:
×10
If we indicate the criterion "number of sons" by C3 we have:
where Nj indicates the number of sons of the employee j. The criterion related to the distinguished service can be derived, for instance, by computing the variable Rj, that is the sum of all the minutes late at work in a fixed time period. Consequently, such a criterion C4 can be computed as follows:
Following this methodology we obtain, for each town Ti with i=1,...,m and for each criterion Ci with i=1,...,k, a vector of length n : (Ci,1 , Ci,2 ,...Ci,n ).
As a result we can compute a n·k matrix for all criteria in all towns.
The proposed methodology ensures that all the elements of this matrix vary in the same range that is the interval [0, 10] . It is worth noting that, in our case, the criterion C1,j,l is the only that depends on the town.
In order to obtain the final ranking, for each town l=1,…m and for each employee i=1,…n, we consider the weights of the selected criteria in order to obtain, for each employee the following score:
As a result, the proposed methodology gives a final ranking for all towns, according to the following table (in the case of m towns): 
Empirical Example
In order to apply the ranking procedure illustrated in the previous section, let us consider an empirical example. We consider the case of a public company that has to manage the emergency ambulance service in a wide area consisting of 5 towns.
Let us suppose that the company has to allocate n=10 employees in each town. In order to optimally allocate the human resources the company manager, together with the workers' unions, decide to consider a set of 4 criteria that are: domicile (distance in km, seniority, number of sons and distinguished service.
The company has to collect data directly from the employees by means of selfdeclarations (according to local law about privacy). The following table (Table 2 ) presents the collected data: Following the methodology proposed in the previous section, it is possible to obtain the normalized values for each criteria according to the following table (Table 3) : In order to compute the final ranking it is necessary to consider the weights that must be associated to each criterion:
Weights: 0,294 0,235 0,265 0,206 
Conclusions and future tasks
In this paper we have proposed a possible solution to the problem of optimal allocation of human resource in the context of emergency ambulance service. The proposed methodology can be applied in all cases in which it is necessary to compute a final ranking according to multiple criteria. In this study we have considered a set of Towns in which the emergency service is done. We have also considered a set of Employees that must be optimally allocated in each town. In order to compute the final ranking a set of criteria is proposed and for each criterion the decision maker must consider a weight. Since the data coming from the performance of each employee are not homogeneous we have proposed a normalizing procedure in order to obtain data in the same range of variation. We have proposed both the general theoretical methodology and an empirical example driven from a real case study from southern Italy.
